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I - 1 3i e uibhleo : 

Jm slur ’Llfccd wts 43 fsiloJa: 

In lor. -distance telegraphic traffic aBiog autostitic letter by latter 
sy mhi-c-filsed cypher ra.^hi_nc 3. , special dzi^icultles in working arc en- 
counteiil os the result of inter:'* re bob la^polaes in the lined ef oofr 
tnuiicatlon (I/! ini especially ,i/T) fra^uaetlf causing the cipher sach“ 
in ? 3 to alia twit of a/nchrixiLaatlOEL tchr i the transmitting stations 
end the rQtHirug stations* In tins rs-B^tting of a cypher naclniui always 
takes a - ertfda aszauzi t at tini. valuable tiam is lest as 4 r ■ suit of 
these int arrupl ions * An a? prsr&tus is therefore -. ts evnlTcd which will 
prevent tbs ae- synchro rusaiicr, of the cypher tusdiinfifl and Lb t specially 
suitable for anc ir, connection with , /T* 

The so lution:. 

Th. exact synchronis&tlstj of the receiving cypher machine with the 
transmit tin? cypher raacjiina is achieved by keeping th-i lran;-ittir*f and 
receiving cypher Auchine-a synchronised by providing tach with i to own 
quart*:- crystal controlled drive* ' her traffic CtWI tfncun, both try: her 
rueeiiinee are 3 tainted by an impulse given by the transmitting aide* 

II. : >t;hnd of Gorkina : 

1 .) The trafLcmltting m&tien asks the rtcelvicg atntisr. by trans- 

mitting key whether It iE prepared to receive, 

2*) Thu cypher machinea Lire thtr. tot in the prettiihcd Starting poai- 
tion. 

}*) Then the receiving at&tion has everything propar-.-i for working, the 
receiving station wka the trsns ait tlsig station to trarwnalt the 
" aynchronj-B ing signal 11 , 

4, ) The transmitting station actuates the "-ydchronlaing signal" and 

control insula hb are transmit ted* 

5*) The receiving atation bring a it a machine inic the correct phase 
position with the t roruaml tt i ng behind ». 

[a) Conrae adjLiHtinentj, Thu rtcnivir.g, Hiaehwniaua ia brought lntc 
the correct pfraaa position by mean* of a preae-button control. 
Lagging behitvl or straggling aho&tl are indicated by respective 
glosT-laqjps, which fade out whan the correct phase position la 
reached* 

(hj Find fldjuatmenti By quarts of the a turn prens-hutten control, 
an ejimeter -ltb its iero in the centre ia set to "aero"* The 
sacra phuaa for the control wlivsei bebartum the transmit ting e tui- 
tion and the rees; vinp. elation ia thus achieved and 4 atari can 
now ba imsdo. 

it) The receiving station now nnka tho tranunieting ntation fiy meins of 
ths inorao tFriTisTittirtg keys “pldawe send tho 'advance atonal'*" 

7. ) The transmitting station Mtimtud the "advance twitch and, 

after the third of suoh 11 i grain , uhldh an? indicated by thu lighting 
Up of a glow- I 'anp, put?* thr mtai't I ng switch over, 

8. ) After the third lighting up of thu 1f advanoa l^ignni !, lamp, the re- 

oaiving atstion liko-.Jse lta ntfc-ting aiiritoh over, 

5, ) ^hen the aturting awitqh in put Into no rati on at the traniin . i.tting 

atntion and at the reoniving station, the transmitting and receiv- 
ing cypher i.iaahinoa are atartod. aynchronously by nwarue of tho trane- 
•..itting mdohnnliini .it tha transmit ting ntfttlan and the receiving 
iikiahanJ at the root Lvirig qtntlan f which hm nlruady running uyn- 
ahronnuily, Tl^ lirrn la than rxadff fnr working in on^ diractio-ni 
To achieve n synchronised ntjirt in the othur direction of t raff in 


I . Th e pr-abir mi 


Jig ^ r,t z] g_;,; n • -roflialnR Dsyiyaa 


The pnbiiB subi.-it^ed «ts *» foilo-.-i 
In lor v -Ltidt[inc« telegraphic traffic using outoeatic latter by latter 
aynuhronlsed cypher machines, special difficulties in Jorking are en- 
countered an the result of interference impulses in the lines of ccnw 
mini cation [ijT wl especially ,’/r; fre ^sernly causing the cypher i^sch* 
inee to slip out of ; /jichiT niaati :>r. cvt«M#n tfc*- tronamlttlE^ statiuns 
and the receivi^ stations. .is i;» re-ashing of a <yp her uaahinfi al'Vflya 
takes a certain forerun* of * •• mw valunbk tia» La lost &3 a result of 
these Interruptions. Ar. apparatus Is therefore to tie evslvuii vh-Loh will 
prevent ttw dc-jyirchrom nation of the qypher aaehinon and, 1* especially 
suitable for uae In, connection -vith r/T. 

The rglutir m: 

The exact ayfiehronisitiori of the receiving cypher machine with the 
trannmitting cypher itjaehlne la achieved fey keeping the tranaulttieig and 
receiving cypher u&chlfiei ay nchronlaed by providing tech with its own 
4 uart»-t=ryatol controlled drive. hen traffic owurcib, both cypher 
machine! a ore started hy on L-ci.'Ulae giver, by the tr win mitt tug aide. 

11, }_ -I’Kcd c l' i.'crhlru, ; 

1 . ) The transmitting station a&ka the receiving station by morsa trans- 

mitting key whn'ehtij It ja prepared to re- , iv- . 

2 , ) The cypher machined ere then oat In Uve prescribed atari log posi- 

tion. 

5.} nfhon the receiving station has every thing prepared for working, the 
receiving a tot Ion. uoke the treuvuniHinj utatioj; to transmit the 
rt oy bahrerbis lug ^ i J.i, nnl rt , 

4, ) The transmitting ntetion actus to ■ the “synchronising signal" and 

control xmp ulr • a nrc transmitted. 

5 - ) The reoeiv l ng station hringb 1 1 a kjj c h l ne ml c. r, be -■ o rre c i. 
posit inn with the transmitting maohibe. 

(a) Coarse ndjuatiaents The receiving uaaJvmiasi ia brought into 
th* oorreot phase potation by nwsiui of ft pres#- bub tern oontrcl* 
Lodging behind or straggling ahe^a oj-r indicated! hy respective 
glow- lumps, which fodn cut whan the correct pi nine r - a it ion is 
rent; had. 

(bj Pins adjustment; By mirans of the same presa-button control, 
an siTrtifltar with Its sere in the centre ia sat to '’Eero'’, The 
asms phase for the control waves btitaroer. the transmit ting sta- 
tion und the rooejivins ntation in thus achieved and o start can 
now ba mode. 

€„) The receiving station new asks the trenuiiiiiting etstion by nwana of 
the laorac transmit ting kuyi '•plenty nund the ■ advanoa Hi C naJ T ." 

7.) The transmitting a tat ion actimti n the "advance algmil lf switch and, 
after th. third nr imuh nlgrmla, which are indicated by the lighting 
up of -l gin 1 - huiqs, puts the at nr ting nwitah over, 

0.) After the thirl lighting uj. of the " advance aignal" lamp, the re- 
ceiving at At Ion llknwiafl puts ita Otnr'tl^ n'./ltoh over. 

5. j ,/hi n the atiirting owitch ia put into operation at the transmitting 

n tat ton and at thr rtioetvlng atstlon, the tranflmittiir.g and receive 
lnfi cyphr: Machine 1 a ore star tod SynOhr&ftDUsly by Jneunn i-jf the trails^ 
tilttiEig nxchanifim at the tranmnitting ntation and tha rectiving 
bechanlaip. at tha rec’-ltrlbg -it at ion, which aru ^lrea% running ayn- 
chrcncuaiy. Thr. lliv? Is thu^ reedy for working in one direotiDb. 

To achieve e synchronised ativrt in the other diraatiob uf trafflCj, 
the process is repeats d # the receiving at at ion takinjj. ovor the trano- 
rLmIoc end the tracmnittlng station the recaption. Every oynch.rr.n~ 
iaed steticR thus oon,::Lata. of a oixyh ta trananuUtirvg and receiving 

^♦i»t f ri Bf- f V- i *■ r » ■ •'h ■■* ' la vtrtra a •! T #*• 
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III* !>g script Ion. o f the construction of the Synchronised Telep-rin&dfr 

Installation , ^ ' 

A,) TranaEltter , (Fig, l) 

3y ri □ hr o ni a a t in n bg twos n transmit Mr ar.d receiver cem&r.ds that 
the teleprinter signals trsirjnuttod should stand in corrsct relation- 
ship to tha current impulses fined fcgr thg a/nchnenisit inn. Or. the 
o^her hand, it must at ory tittr bo possible to transmit by band on the 
transmitting, teleprinter, sarins of luttera. figures or signals stru;ig 
together at will. This ru qui re me nt is satisfied by using a double 
daJ.lcqtoj’ r which Ls loaded by the telspriutgr impulses corning from the 
teleprinter (Fa) ex the automatic] transmitter (as) and whose triggering 
ia Cantrelled by the transmitter distributor (SK) by rDcnns of synchronised 
oame. 


In prinoiplfl , the following may be said in connect ion with the 
triggering of ary givan teleprinter mesaaget 

If tbs signal is synchronised with the ll s!< n ( ip can bo triggered 
straight may. If it lags behind in point of view of time, it auist be 
stored up until lf £K’' reeoheu its starting point again and undertakes the 
triggering. Cart; must be- taken that no further signal enters the apparatus 
while the stored signal ia being triggers d, Tha introduction cf a double 
collector ia thsi of ore unavoidable. Ibis double collector consist a of two 
sets of five tela graphic: relay a, 

TiiroLigh the start-stop distributor (PK), 10 msuc arc sorted out 
from the individual ourror.t steps of the teleprinter signals tranuL.it ted 
and fed alternately to ce Hectors ‘ and 2, The "PK" shaft is driven on 
the start- step principle via a friction clutch. The preparation for and 
the ccmrconoament of the triggering of the collector relays are effected by 
"T'K" and |r 3K", As soon as the first Signal impulse is stored up in the 
collector, the triggering of the collector is prepared in "(I". "Th" car. 
then trigger the collector rtihre nous ly and pass the signals into the 

cypher machine, whence they are transmitted enciphered. 


B, ) Receiver , (Fig* £) 

The receiver picks up the incoming signals and starts the "FtT* 
system, which is Irivon through a friction Clutch and distributee the 
incoming teleprinter impulses to the collector 'V, n . 

The syrichi :nis-sd distributor "SK" passes the stored impulse 3 from 
the co-llector hynohronousiy to the cypher i&nchine, -.here they ere de cyphered 
and collected in the additional aalluotor ol' tha receiver, 

Thu additional collector of tho receiver; if the transmitting 
teleprinter (F"^) i3 at "stop"', tbs transmitter sends cypher text. On 
decyphering, five bl^nk signals result. The receiving teleprinter (?]v,) 
would not, however, remain at "stop" like the transmitting but 

would be ocnstantly started s,-.d stopped without, hrmraver, recording ury 
signals; the impress inn ia given theu the machine is running continuously. 
The 'T^ 11 should behave exactly the same on the "FH", It should further- 
more b ^possible to send tv/o-way traffic, i,e» it mat be pe-asibls to trans- 
mit and receive alternately with one machine, The awitching-ov<=r of the 
machine from "Transmit ” to 'Tseceivd 1 is to ho automat io and dependent on the 
incoming signals, as long as the text is coming in, the machine is to be 




switch*, d to ’£soel,7«% tut iia soon, as gq na e gut ivc blank nigral* arrive,, 
E-sahl™ is to cut out reoa^ ticn &nd be ready Co transmit, Thu 
decision ejs to *h«?t r^r text or 'oiani: si.’nals ora boin^ J'coelvtd oam* 
however, drOjr bet Bade after tbo fifth aigiuil ? aa tho outtirg-out end 
asritciiifig-over can only coir» into of foci if &li fivo aigrwln nre blank.!'-* 
Thcreforo, the signals In tha rsaolver* after din^-phiLsrin.iir, muot once 
■ere bs collected and tri^g^red. This tasJc ie tftkem over by tha 
auxiliary oolie ator together with tha distributor I'gKg", 


C). 3yrgfirCiJii3&tiaru 

nr. the Lv'dehrDniadiiK switch hoi hr put qju?, the trm: u;;i 1 I -r thinks 
atinylr ia t j IcprintoT dig main without currant Mid ona with current, Thin 
pfogedur^. ’ 5 repeated periodically, 

a) 4 G oo-Eg s i ndication (Fig, J). Tha signal with ourrunt vjj-vas an a 

coarse LtdiciL : ten- fbi receiver ia eynunroniaed l th this slg . ..1 luring 
thn starting period# The starting peric*! lasts f C ; r.u-e# lln.a ponod It 
rr.ig igp.iy i;i ariUir to ensure that rho sillrtlng cvr lr;h a 4 turned r. f, r 
starting* Twcj plow- lumps servo &s lnMoato^ and hen to bo extinguished by 
means nf the phase regulator, whiuh is effoatud by oi-;" the who In 

af.gdAl by ttlanr of coma i and ^ 

b) * ? \ i yj Indicatio n (pig, L) m Tha fine indict c.Lon enable* the phsse in 

b>- ftrjo'ititajj adjusted. For tha purpwc of ta snaring the jr.wo , fcbt falling 
oid'j of th.i stop of tha lnncoir.? si^n&l us ca^artd wis.-. ihe iWlLlflg alia 

of a signal produced in tha r ’cc-jivi>r JI which his boun moved through 100 

dogiejoi* 3y alts-ring the iu‘er. ; voltage-pi tusa &r; crodupfcd whi^h control 

two Aftr-tcoth gu tierators . A htyxiXJ Coil z^tar ird igajt cs the direct OUlTOnt 
ot jr, po hunts botwn&n t.ns two geno raters and this Li the &jagur« cviri of the 
phnsf dnviaiion between '-hi? Eranealtter and th? receive r. 




D> J Start leg * 

j'.y (twitching an the ’"■idvLr.oa aighil* switoh, tha atop n ignols ocmho 
tv !«• transmitted, Th<? ocuiiiiitiif signsl of 1^5 rsuc is non./ orjy sent out 
evujy i Qt-1 r.ibo. After tN odntuoe sigrul lasip has bean Lit up threu 
the starting switch is Actuated in the tTir.sn-ltzpr and in tha roouivor* 
jeliLit ing the switch ia : l^ r » rrsiimLruiry tc staiting, Tha ootue-l at art 
ia effaot'jd by t#c f-irfllial oi:a:s ri’ 105^ and 1^0 r.gac duration. 


JE,) Drive (Fig. 5). 

.I'-- fe’.le-dna la up-:d m thn rugulnting principle for the aynshroninsd 
driva>i Pariodio loading of & single araaturs tr&uafomar on its alip^rlngs 
by ice i*..-, f a 1 hyri';rr>r. mritoh, Thu thyitatron switch Ie oontrclled Ly t -.c 
3.u&rx* fr'-si'-:- r: y of 8^ Vj 0® obtained by frequency diirlaicfi. 

To -lynitthiwiiao the mot or j the letter is overex«sitod on being h watched 
..-i, TTi- uxottstloh dan lira a alonvly, thus QaUsing the numbar of rsvclu tic-nil 
to rt5<! slowly* Aft n r tho notninflil number of r^vclutiona is recused, xi.t 
modulator inri ituitda c f ru rjuo nci' of sero uM the ejtoitatloo then remadaa oonatant. 

The:- modulator Cmhijiurcs ths fro;iuenqy of 8} Vj Ca derived fran the 
quin’ t £ with T.hn f cuijiiur.My derived Irnrr the motor* IT both ngre* -- Kar: _y * 
the vclua of tho mutahud exoitcr current is Huintuined vie hhe stsriing 
arrangoptn rvt and the axel tat ion remains oanntant. 


tv. 


■ -.XU' i 1 


t, The rynohroniulng InfitailatiDn ia designed for ventages of 110 - 250 
volts, 50 qyolsa* 

Zt i-'h-in working fjcm 2ZO vcit muina, malna voltage fluctuations in the range 
t?0 - £50 volts firaoothvd out fur tha apparatus, 

}, The telegraphy coda can be arrayed for 7 or 7^+ In one direotioa, there- 
fore , output is ubiMit 500,000 letters per ± 1 /; with four- channel working, there- 
f orti , It Would thus bp about V ,000 , 000 let Ur 3 per day far both directions, 

J+ v Tbo fl i 1 pypber i ng apparatus la designed sc us tq be cap able of being removed 
aeparot-aljr, qu that it 00 n be changed 0,3 eooejion dejiAnda. 7 or experimental 
purpoa- tha qypher dr-wim (which eltq well known from nonn^-i teleprinter operatic 
Tran the qyphflring attachment of Lasers. JjOREJJZ t>f uGlh&use it,, Bprq used, 
fhw firm ittialf hae rdeo made attempts ta improve the cipher machine, but the 
ajqwrimmta could net bo completed owing to the war. 

5-^ The iicc'-iracy of the quarts control ia cf the order of magnitude if 
1Q"yaoo, The ^ynohronitilng apparatus can run for 10 te 12 hours without 
reelprccol ph^fl coKparleon, without i ailing cut cf step during that time.* 

V . nvr d f’lcte In n? gourd. to the aynehroni q 1 n 1 est^llct 'i on l 

1. The pynahron aing installation «ra be used for twe different types of work. 

aj Aa fin indopc nde nfc line, traffic passing only between one 'l/T station 
and another. 

bj A3 part of a teleprinter network, ‘'hen for Instance , h ;/T hynohronise d 
lir. 1 ia switched into a noriadl l/*£ tala printer neti :rl. In this 
otae, the arndixaniaed line muld he connected to the l/T exchange 
by me ana of the four^ohannel system, 

2. The aytmhrriiiinine installation la to a large extent ae* plot sly sutonatio 
and therefore requires only a vary smhll staff of opor-itore, 1 to 2 man sufficing,. 

J, As the cypher dsahthes are running constantly in the aynohronialog Installa- 
tion, they trcjiaaiit pure cypher during the times when no teleprinter signals or» 
being sent, peak periods or alack periods of traffic owinot therefor? ba ruac>;- 
niaed by studying the t/t traffic, aa the traf e'Iq i” oamouf lugod, 

i.. The nchro nia i ng install e,t Ion poorito tb<_ uaa my modulation proem see? 

that rcy be desired fcr W/T iransniisaiDn* The keying relay of the rynahronifllng 
LnabelL&tiih o.ppiiea d coble c Arrant. 

Tl* St&t-'f of develcpnent * 

As record* tJie develapter.t of ^ayn-Ohrondsatiotv^^ at th« beginning of I9k5 
there was fi ccErrljts lank ocnsxBting ef two stations equipped .Uth the usual 
norcial teleprinter uypineririg attxqhr^nt for experlrcental worJcthg, Ths link 
varied betwoun the v HflMwriutt laboratory at ^ERIUUiGT^f find the axpcrunental. 
pest of Frufrssor ViiHlIPG at ^T?7ul3C377L near RAWO'fr^t 

During oonvajrfinco fr« 7EMCS0STEL via PLA:^KE^^AA.lDEl]t'li& to hare, a mlv- 
plete station (including a lazy-; mmber of ochat^ictiojIAl dccuwinte) wag lost as 
the result of aerial nttaoJt on the arterial road near KEJQ.®CEF3B KRHJE, so thr-i 
only One atstlon ia available at the ttanont. 

After replaolng the loot oppamtmi -.nd a brief, rtnal period of eiperi* 
tiental -vorkinR, which has not so far boon carried out cwihj-! to look of tine, the 
dnvojaixiDnt of "er/rahr* r Titian 1 ' wruld bo c«^let» k und It Oould thne be turn*! 
over i L-r jr^n nib la *3 qje J'ar t uts 


' Art ll' ic l a 1 S~Q J ’vh j,p par a tua 


The Profiler . ; 

The problem Was to dcYc.lop an apparatus for telephonic 
enoyphsrment vjhiah could also be used "or Jt / TV It is therefore essen- 
tial., under a 11 clratpigtance a , that e constantly varying cypher in 
aval la hie + 

Ray ar .ling the baaiQ principles : 

As we had had ne previous experience that would help to 
solve this problem* v™ decided at first to bvoIyu individual coinpanqntg 
frtin. whioh ve could build up an "unsruol-.-ble" apparatus. It then 
occ urns d. to us that the surest ion put forward by H. DIDLEt of the 
BEijIj TELETHONS UsBO&ATOFiEg off bred cJT'sii iarable proepecta; this sug- 
gestion involved the split tine up of the speech into its individual 
charsctaristlos, which are than t ran aid t tad by selected OftTri ar s ■ 

Hie speech is afterwords artificially reproduced in the receiver by 
controlling these character! sbi i. j . Thi a apparatus would nut j of 
course, provide absolute snoypher merit, but ocl^ sa"«mM ±ng* f, ftc-colled 
O bancs 1-scr ambling, 1 - e . e period! q Or poi nor .ent var is t ion Of t hfl 
a e aliment of the individual carrier frequencies to the abaraDteris- 
tl o s woli Id a Is o fail t o produce a real e Fiqyphe mra vi t * in'*, p lame d So 
carry cat '. total en<jyphGTI5cnt Cf these chfiraaterigticfl by s uperirtpoa- 
ing in torf erf-nce direst voltages similar to speech in each channel* 
coibpen sating these interference voltages eg&ir, in the receiver. 
Furufiarmura , the amplitude undulation of the individual speech channels 
vnaa to be replaced by freqUon oy modulation- T! har net hitherto 
been possible, however* to test thess two methods. To put them into 
execution -rc-uid require a considerable time for development befe.ro 
they WOlll4 he reat^y for operational Lige and pl&ng ware therefore made 
tc obtain an adequate cypher by combining artificial speech with 
enotiier imthcd, that cf "three-fold robbuiating “ , whioh is -it* scribed 
in another section* In this osn oration* the cypher pariod is derived 
from a te le graphic Cypher which ig , air eg dy aV ai iabltl + 

De script ion Cf t ha con at r lug t i or, : 

1 ) Trsn emitter . The circuit can bo seen in Fig,. &, The speech fed 

tc the transmitter ia split into 6 frequency banos of 1 30 - 3^60 Ca 
by the bond-filter {Fig, ?). Tha 8 partial hands thus obtained are 
amplified to determine their power content and rectified (Fig- &); 
the direct potential taug obtained is e measure of vha speech pewur 
contained in such frequency hand- The 8 carriers arc next aliiplitude 
modulated by ire an a cf these 6 direct voltages [after they have been 
filtered through low-paas filters uf 30 Oa sach) and passed together 
to the line- The available frequency hand eoulu easily bu ru a trie ted 
to 3^0 - £hGQ Ca by ohPoaing oui table carrier frequencies* but this 
would entail increased BxpnnditUrg in building the carrier filters. 

For the sales of ocmpletenesB, it should be mentioned that v/e have 
constructed a laboratory model with 13 speech charnels, but found qut 
by experiment that the qiiality cf the speech suffers only very slightly 
whan only 8 channels are used, if the frequency range used is the 
name. 


The t ran ami salon of c characteristic for the fundamental 
pitch and the periodic pitch fluctuations cf e.?.ch speaker ere assent aal 
for the faithful rsprO duct ion Cf Hie speech in the rB CO ivs r . During 
development, the measurement of this fundamental tone caused ue tremen- 
dous difficulties. The ampliT udn u of the fundamental tone are always 
bubjeot to great fluctuations and, in senue c-aacL-, are just non-e xi a t en t , 
so that they have to he produced artificially frctti their overtones by 
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Tho speech pa sac a. through & ICC - 6&0 Cs bend filter and & 
lc&flri thoilo cniplificr tc the froquoncy cthlol'. jaroduaei 

the fun do nun tcil torn; artificially ty moduli. tin ft &tvi>ral overtone* 
toother. Thu fundaihdutcl .tend thus produced in t. ken through a second 
b nnd-pn p a and a, further anplifii, r to a multi— /ilirfit Or, irtjieh transf ^r-s 
the, ainunoldnl alternating vo lingo s put into it into ruoloBgadiir wel- 
ta^> 1.5 hf c: -ri.it jin t ut’-pli tuiiu i This mqU.ngu>w volLtjps : u d;ff ireatUtcd 

if. fctui i'ltfiLlldo mttujm; th ptinka thus ot'lf.iru: J, tftw number Df ;Aich id 

proportional to the frequency of the fiitimnsnici tone, t re rectified 
and uaud via a JO Gs lov-jun* for modulating tiro curler frequencies. 

*t TV: at night it in not t, % nil apporwnt why tbu oi-dulat i un of two 
oiwTriem ohouixi tu nsaoiiwry, but this ip u.-rcly a safety man sure in 
r.-rdar U nnsun. f’uudflrkjntul tone ocntrol by th,_- r.iO:;iv_r aide in the 
^ vent of tf.i possible failure of c cwrlar- 

An atiiii tianx. * difficulty is tho later iiwlnaion tf c advice 
for switdhirvt, ov^r thir orirrlur aasigniiiunt to the Individual ehnrtLctur- 
ijtioa. 

I'l Qtii vjr 1 (pig, 11 ): Thu tO fir.rrir;r frequencies coning from 

thn lino nro B^urctu^ by e oar reaper, ding man bar of eerrior fiitc-rs 
[ Pi j* 1*1) -rid token ta iho (.pj,i L opri&t. . Hfocsh or central e henna is- In 
th, tpacqh ottEnrvfiia, the a h/jra uteri sties produced et the tTonsndttar 
.t.: i* covered ny rflot J f i nation iuid used for maduiu-tltm. ’Arith the appro- 
liril-L-J hr^mtrliofl frerr. the iiqpuJuiO Or no? to ^..erator . The impulse 
■ . tor (Pig* 13) B^rvaa Lo produce ths hfinnmlo frrjcutincies prcaant 
in the speech, whilst tho noiSL ^onamtor (Pig. 14) reproduce a the 
•rdVOl: I, anharmtimo ncundo of upseoh- Tho oarrior-: assign:? d ts the 
c. nirol cb .m,. Is ..jto likewise ron-.ifiud and Lisqd for controlling the 
:' on diuiLofL t _i pit oh of the L. -..ionic generator [impulse generator ) If 
no direct vi it age ig present in those ahanmfidj, the ahangeov^r svrLtch 
(?ig* T 5 ) cL'iuuicta the noise generat^t 1 ta the speech abemiEle, whilst 
cr. the Lpporrance of a direct voltage this conjination ia cut off end 
the rLim-.j-nic ^raerntor aun tched in instead. The 8 frci|uencica iDCcUr- 
rieg behind the tu dale bars tn th*_ spec oh ahanncla sra token through 
filters an d switched in together and nor fans thn artificial^ pro- 
duced speech- Par the practical working rf the apperntus, it ia 
nccer:3Lry TCr be t:i trenoinittaz’ and receiver to be prdVidod i. J th ft 
ctld-£hLmting, device for oorrying the (jc.ll iiripiLlae. In ailditior., 
there ia EiiL l.i'cicet in* ar.pJ_Lfior behind tho input arapd.Ll'iur of both 
:he trcoanit ter end the rt-eelvor In or-Jcr to b-j thl to hjdh rod the 
requisite level end set itn 

j*. t n cf thf- work - 

Tbe synthetio spveah praduotion inattllntiC'C is tlmpst 
S - m,i.tr &a regaria its rc^tCilliD atructure. Cni^' the raalody trnlla- 
nitter, thpE irrpulac genvrhter, th® no is® ganot-t tor, the Bhang® nv f ;r 
JT-Aitch, th- cains unit iind the input rind Output cmf lif iern r.n L" ek- 
ing. Ail construct ioimi dstn hnv- b --n daUrmihud, hwmVBr, Tor thu 
ec^chcots c till cutttandi/ 14 . 
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Three-fold wdbfallng> 


ag already n»n tinned in the rcpnrv of ..rtifiaiTil ipfrieh, in 
obtaining an adaquete cypher, another pro©Lj* was cUv^ loped consist Lr*; 
ai* the combination of multi -wobblir. «. u'iT.h rlu. in. ersiua and a Igl"-* te d 
ag -three-fold wobbling ( • TV ) * rhn lame pv-gee^s in the trM’.-.si tt*r 

(Fig. 16 J sb foULtwa 7lv apeudh hMid of JW-I^OO oycJ.-rB ; i dia- 

p laced in frequency in two pars 11 j 1 nr / .'.in •;? ig. 17) » thu input 
Hide by a euitrtblo hni-n- of earrioi f!rvq ishoaaa, that aft.r ft Ltc-r- 
ing out the lower ii.de -I mp 4i th* re :.;v j.r..Jusad t'j; inverted 

fruquatlpy buida pORscaiiAa trge -:►«•- tri-pr ths apf.-ch-btiml brSadth 
[1*200 cyalaa). This new t : nd of 4P0Q qyoli : .-. br^idth is imp-.- 1 le 1 to and 
fro in front of a tend- filter of it'-JC Ca :Te,;d*.i» (fij. iS) by t modu- 
lft tor m.tn ocfieinuaHy varying carrier rrwqiienoy (cobble aerrier) in 
such .'jcyr that a oonatriiitly chatying portion i* filtered out of the 
420G Ryola band in whisk, hcwvsr, all the frequencies originally present 
sra still prt-iwnt but in a constantly charging p~. '■■a* ..ftcr this first 
wobbling, the .new band of 2i00 Cs breadth la split by filters into two 
htlf-bsnda gj oh of 1050 cycles, etch of which is anpnrat* ly nfld similarly 
inverted and wobbled ae in the first stags Of th*i total bund- Thifi 
division Into two tljmiAt hands eiajjh of 1050 qyolss frequency band 
breadth, both of which, are wobbled with itsaittilAr nobblt elroksa, 1 b 
tt duetpry the speech texture* The tuts r* w hnif-bj-jvis tbtunfcd r-fter 
pftsuirtg through the second stage are again ecrcibijMd to ferm a total 
brr,c of 2100 cycles brueith, which In ths third stc-ge la qjick again 
ring- invtrto d fnd welbbl_d. After passing through '-hla stage, the U.nd 
uhioh is in the renge of 13300 to 15600 qyciss ai c result of repeated 
mn duln triftn^ ig re farad by further modulation IQ Lta r^n^u of 300 l. 

Sj+ 00 cycles uni passed to tiv line. Thr fixed Mirier iWqusnelsj uxt? 
produced Iji generators (Fig. 15) vorh lug gn. tb principle of the Traflei- 
tren circuit and htviaig an adequate rigy constancy + The woobla 

frequencies arc pr rduced ir, reaction gene rat ore, whose frequency control 
for the final sppEratiia is terlvad fra nn alru e-3y available telegraph 
code nod is described se. ly * 

Tn the receiver [Fig* 20)* the salt, preece' us in the trnna- 
mi t ter t ^- b pla&: in exactly the ruverae ardor* A detailed description, 
of ths indivi i_a± frequency' irsnspositiaits ther-fo-r • superfluous ■ 

In order tc reproduce eh-.* jpeech faithfully in ths receiver, 
it ia jicc^Mtionally neoessury to syndhrenisc th»? foidr different 
wcbbl? frequencies i,t-hich are oondtnntly ftitarinji!} in thu transmit tar 
find in the rtc iver. The laboratory eiperinsnta ao far carried out Won', 
at fir -X xidarttltn withu'dl aynohroni sing u quzLpmtnt * For thd QFikc of 
simplicity, the respective wCbbLj fm-quunciua for thu. traftalftl 1 1* r and 
receiver vtre taken fr«a tha acme wobble generator. 

Cwir.g ta th± large tiambar of module tiung Occllt: *ng, thfl 
h:._ -.t degree of perfernnh: ,iL*d to be dernandad of the fllttr* ttriployed 

in ordux to atoll all undsairabls cfydulnt ion products* The cioaurroiic. 
of r.fpj= in the tat;± frequency bond -if the apeeah, which wrnjld appro- 
clabiy reduce '.r.e quality of the sjueoh, w&s tvciddii by n epacial 
artificial direr! C for staepsnmg tha sides. 

j*n e&rl±?r li.bDrstory thre^-fold wobbling mod/il, baili by 
US With ft liars that did not satisfy t blase high uumu;Vla, failed to 
produce of edesquate qualify owing to the frequency gnps ’Jtn 

1 t ov in-- th >j re cc lvcr - 


State of the wcrlc. 


The fallrjvjj.ng arc uv £ l* lable : Filter a, amplifiers] modula- 
tors, florid rn: on and four mE»#hanip&i v-cLI'Il gwntur- far iraac^ur 
iJid rsmttvor, conittHHitad for use in the labors torj . 

fDr the final da-jiij’n or the ’unoreakablw' E.pp^rtiy#j it is 
Intended to u ijL 1 the urliiflaltl np-aoh truaafnit tar aa a pruJirinery to 
th-j three -fold wobblirv* 1 t the ir^i*. of the i TV dranyjilder thsire 

not tfiurt Mo pure cpstmh, r- the ID Currier a fr:.J the artificial 
apu-ioin upper*. tuj» will he fed ill her*. At the rfTV r^aimr output, then, 
these anrri&rg Wij,i fcd takart to th& urtificif. 1 rpsLdl roooiver, which 
fc r*m ■-f ormn th>-..o ch*u c-jtarlstlcn into the tia apeach- 


S yrj oh rOftl a tr.a in 1 ; t aUction for producing thn lrcfablie-frcaue coles 

fy- three-fold wcVj'Ua jjt* 

Fw ipeadh snnyphumw-nt with (=wohbulcted totAl 

enoyphrr-lng), fpm" wobble f rsquufusios rccist be > . i e'rdiCra-efiCuEty and 
in squal phase to the wobble ipparntu* at tha thusati tting sed reoeitfing 
■tut Iona > The periodic course c t these frsquanciae nuat differ from 
bLOh othur ta ftuoh a a pose! Ms ; ;nJ ecoh wcial.. f raqtictidy \, .sr. 

through its anirleagAd frequency nn^ l: . mat u. joOntinioua w.-jr 
possible ' This tcai: in solved la tr ; . folio -ai., n.j- 

10 The B/nahrof.-aing and phtse equalisation at the irnnaiiutt >ng 
ami receiving atatiosa 4 a ffosteij qy q-itrii- .rj »l d eon trolled ^ichrc- 
niiilng, ilo developed in our laboratory for telegraphic cfic/phenvn t. 

2* ) The wobble f m qgaaoie* cj * produced b y elect- or. io gj oaratjra 
(flL.oh of whose Dad llitory circuit* includoa t> Vfjriflbirj condenser), 
which tre rotated frwr. the qyncfcr.'.ftiili:,, , p^j-.-tus vit special 4ttt*r- 
mediato glaring end thus bring ebcut ■< variation or the wobble frequency 
within the rcjiga dictated by the capecitf r*ow Variation. 

3- ) cQr altering the gucricg retie betwsen the syrnohrOlli a i tig 
apporiit us and the vtritbi^ e.r.jea^r, the iv flsarlnii pemuta 

the periodic caurGii of tr^s eapacitaDLoe vs^i? % Lon. t : bo oltcrod - 'LflpL-nding 
upon the cypher si^/iiilA that *o*e trona-tittted by the t,o Leyrophio^ d/jihsr 
non*, Lined in the s ynohr 3ii sing epparntus. 

4*) Thi? differL'nt OfMTae* cf thL. fbLu- wobble fraquanclee used 
tre effected by tee fi*e af which tiioh cypher aignal cansiato 

being reduced vie c c&H«ai.r Adi iiatributor to four differeht centred 
impiileea for the lr.tarciedicte gearing. 

De scrip tij- i 

Ke 1*): ^-hc central appLi-it^.s end the qyphjr from the talegrnphio 
synchronising tppcr^.tna ctn be uari without slttirction f'or spoooh ori&yplier- 
nent- !hf cyphgr-b-tE with its drive is elicplsr, hDwaVur, ah the bnaia 
required for talegr'rhy can t*. dl^anand with. It iu ru OCirrio rt lift d thr.t 
it be ocobirsei, fren the polrt of Tiiuw of n ORrtruati.cn, with the lnt^r- 
«di*te ;csr 3 end the callfictOr-diatn.hutdr< 36 tr Ling, or. oowounaing 
working, end the control of the phase position are, huwevar, effaotud in 
c, Benner different free, that used, in telegraphy, aa the aypbcr nii/nils 
:k no- longer trtnsnitted ti the rope e ting station, gyncbronlaina 
fr- v-iaocie .h arc trenail tied vic er" oini oerrier frequnnov ah - enni , ~- A 


R'i 2,): The usual olectrOnla gonerntorn ^th ronaticn ^ra e Aglaya d 
for generating the irobblf] frequencies- 

Ee 3-); The tf.sk of tEie In tSIlnu dl a t B gtl uT in g Lc 10 derive Vrirleblfl 
number* -f revolution* from a ohm* tent nuribtar Of revolution* of a high 
fie Ere o nT g.i n* t ,-Jtoy In ouoh n wry that tha variation a tv- al«mrly 
defined Eeeordlng to olae and phase Jifid npply to the trtfMltting uhd 
receiving Ulrica with the <'\igr*..' of ncourucy im|>.rt.)d by th qynOhrO- 
nUing gear. 

The working ijririDl.ple 1 a an fa 11 own . The shrift gaming from 
the Bjmctr-oniftitig jcoj- l irrie., n ^yn':eiti of apaentr'io dip i whlah ii.ova 
itnpulde jft to end fro, thcie Iffipulflti rode being aontitruotad In. the 
f:r*j o:' t'.: . ,,-m i rod-i * hbove thin tuo*beil rod.i j-.n ,-ir ranged gear white 1# 
with ohich the toothed ro-dn ann engage , in a ugh a way th't in tiaoh 
ocas ~nly one teethed rod tu-nr, thu gear wheel, end the latter in filwaya 
tornud in thr sum>» diruotirm. The ep-eetitrla dLsca have different 
ntrtjkc?i iio U it, according to fchu Identity of thn toothed rod engaged, 
the whei ahtf£ deecribeo a different engle of rotation In wia 

unit ct' - T fch* g-’-ar whe-.i ihaft Uj coupled the veriahlu onmdan&ar 
of the fraquuncy gtincrntar* whioh therefore execute a t. ncn-aontirujauH 
rotary irjOve'intiit. Four different angui r veloai t irra ire provided, aj 
the piotur-. pro sen t"d qy tha following dlngrr-m provide a an moinjila of 
the per ladle courio of n wobble fnquvnqyi 



whlah perfoina he if c revolution in thrf 'unit of tins during; which the 
teUgnphifi ayphtr eends Out ft slsicl (150 fcseaj- For each speed of 
rotittten of the geer wheal jw.cfi (2), which leads to the variable 
oondme er , there is arranged am the »k:ft ., l) u system of two a quel 
eccentric UisOa J , displaced vtr-a^via each Other by l6C dfigrsea, 
which the toothed icpulfl- ru-da (if] to r.nd. fro in opposite direc- 

tiona tgeinit tr,€ recovery springs- In the left-hand position -f 
ra-st, E hr Iff but c.r-plcta icnatt liution of the fc-;iothed rod is 
effected by i'.. special shajw 3t the eooentrig discs (3)- During 
this tire and depending upon the cypher signal, the tia^iet i* 
aacitc-d end, ty oeaj'.s of the two-aroed Lever (7), lifts the impulse 
rod sj thtst the i/itter's toothing -engcgoss the gear wheel (B) =n 
the shift (2)- #E>on trs the adwtnoe ooireisent ordacnoes, the getr 
wheel (8) is actuated too- giiml t pnwm? Ty , the pin (9) penctratea 
tha uppsr groove of the slide hear (10) mnd thereby holds the toothed 
red engaged with the gear wheel (8 » Tns x^ut (6) is now able 
to release agiin* . 5 soon ss the advance csva^&t ends, the toothed 
r: s ( 4 } ft 11s into tha Iirwrr grOOVa Vie the right -hand and of *J>. aiiAs 
b elt and t ■tills beccma a iisengige d f ram the rs ar f -heel, which n3v s t ?p a . 
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Thi» mcment is simtLLtaneously th# bsglfvnJ^ii of the brief imraobilisutiCffL 
of the Oppo ait e -ruraii-ng toothed ra.dfli >. i'rc?K enge^aiGent ran ctcw 
about by lifting one of the opposite- toothed rods, whoraupon the rotary 
motion of tiife gpar wheel wilj continue, according to the impulse 
imparted, t the garag cr at pother I'in./uP.r velocity* The toothed rod 
which has ^ust been sugared ig -dnul^anjc ugly taken bauft to iho lower 
groove of the- alido bar, during which period no engag-enmit with the 
ji or wheel will be possible* ljfhen the opposite -ruirnir*^ toothed rod la 
lifted, in order to prevent t!>: first rod from being raised as wellj 
the clear. smee [11 ) is provided tin the toothed rod Lnd thus QlE-.."ir&i::ce 
r-c gives the glide bar roller on the lover [?)■ for the poirs of 
discs and toothed rods eg alined t.? each &ngulur velocity , only a common 
lifting magnet (6) with lever [7) la required- On the shift (1) there 
era four • i ri lnr double systems, whose advances are all different, hat 
TiiuBt l.i eabh case bg t whole multiple of the same indentation for til 
the toothed rods j so that a gr* up*Ji en^. .y rj me nt cootire in case, 

/.ft-r each half-rotation of 6 ha shaft (ij, only one of the four iragnetg 
la e*ci tedj, so cording to how thy 0 a l ~ect-or -4i a t ri tutor imparts the 
impulse- CO-'ruct ins ertic n ig. ensured by a 0 unt&Jt controlled by a 
Og.TI OCl shaft [l ) t 

Re i*+)r Thfr cypher continuously transrd.is signals which tire equal 
a a thg result :f the- ayrtahruni sing at the ireuardtting ^ind receiving 
stations and which. consist uf five inquire e in tooarditnce " ith the 
S-IlTj.'. t alphabet. [n order to obtain from one Filrnal f&ar a, % alar 
velocities dif roving from each other for controlling the four yobble 
fn..-iu-_[’jdds_, fitch of the four fir at i ri.p-.il.:*,. o.",..binsd with the fifth 
impulse. Thaej. four different rjCrabie.- tirca :.ra p- -educed, in each cast; 1 



+ “ 



TO cf..ch _f the four combinations is assigned a magnet of the respective 
interroedi&ta gearing, so that, for instance, from the si^r-il — + - + 
the following imp ulses are produced 2 




?:-r tbs first wobble frecjjrjooy, impulse ' with impulse 5 - + gives velocity 

rt second » " « £ “ - 5 - + * '*3) 

" 11 third " - " 3 * * 5 + + " rt Z) 

" " fourth “ " u ^ * « 5 - + » ■« 3), 

These oambin&tions are obtained in the collector-distributor by means 
of ralsyg, g-j* soo=-r« 3 in w to the circuit shewn in tig- 23- The trigger- 
ing of the signal is effected by cam uwltohes ^ynohronoualy driven by 
the synchroni slug apparatus* 


******** 


Scrambling appurit ua (nUinii F - 0 JTEll-i ) ■ 


In order to ibaka It difficult for unauthorised persons to 
ovorhdar □ onveraat ion s , there ;,t» a av ai 1 & ble in Gsrnstny so uppora t us 
under the Dei!!*? .f -! Inverts y" wrich reversed the ne.turf.l apsucih Freq- 
uencies, i-n. trtna i'orr-j ri high inti Iotj 1 f requ .re iu s and low into high. 
Since the scrambling effect o: tnis dr vice wua almost in significant 
Ei'Ltr e short period of beo'i f ecus'- one; 1 ta it, iL had to be 
improved by an F^xtondsd method, 

The results of fairly Iona ejcperiircnta yielded the follow- 
ing ex t -si lance s; -very apes oh sound has, in additiori to aharoc tens tic. 
frequencies, e. flyTLEtfiia peculiar to it Etui tn Oscillating prDuuss 
pe halier to it; in many cases, «apcci«:lly in regard to mono ay Hah io 
verda, th^ presence of i.ha ifynsnio and the osoi Hating process is 
quite sufficient to enable the word to be recognised. This recognition 
ih idsie parti culorly a nay when, es ths result of a fixed frequency 
ohetige, the aharecteristio frequencies ore moved into Another, but 

atill camon, rpnge, 

Ti'ih; nr? into 00^3.1 derail ton r.hr:- ftet thrt the cost hud to 
hs ss lew as possible, the foHcwinf extended Da (shod was envisaged 
for the construction of a scrambling device; 

i-) He strict ling the speech bind to ba (.runs .lit ted to the frequencies 
of 2CXj - 1300 cycles. 

£.j The L-dditjon of a noise of equally grant level and equal freq- 
uency breadth containing, if possible, nli the speech fraquencien, 

.J* ) The CGnstc.it mixing ;?f the speech and nod an hands in adjacent 

frequencies by switching over, with the a-i^ech hand inverted in 
addition. 

4, .) Influencin,. the switchint over of the speech dynamic by accel- 
erating the ev-ltohin 6 o\ r frequency - 

5- J The seppi i.asion Of noise luring pauses in speech, 

6.) j-r; ediitien, to bs provided Inter if neoeasary, which da liny s, 

from the p-jiiL t of vie '.t of t ima , t Ke acesier a ti Or. re farm i to in 
4 .) in order to obtain nr, effect resembling eu echo. 

In order to change Lac a at ths receiving end the switching 
'ver thit has been carried out, the controlling of tHu sv -itching- ever 
is pas Bed currently to that end in the frequency band JOC - 4OO cycles, 
which la purposely kej fc free. .:£ speech frequencies for ths purpose » 

As, in the case of ti o-wire opera t ion, two n on- sy nohr onie □ d. controls 
ers present cn the line, even shin & third receiver suit -..Lie for this 
scr* rob J; r.g process is switched ii , eavesdropping is &a a rule liqjoseibie 
because? no unamhigunu^ control ia present. 

'Do test this apparel' us by working it over fLirly long lines, two 
opposite at at ions era being erected, in >1 fr-m. approaching the final 
constructional design, in por&llg i with .■ purely laboratory experimental 
construction. The onn struct ion of this apparatus is still in pregruus. 
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Tha fun.- r ion of this arrc.r . Luk i r b"iof.\v explained below 
on bh. In .sis of t hy atln giru^d -'1 J.oi.- of • 11 : :r ; M ciisgri iu; 

Tb- S , fi|>3e0h vcitf.y ')<. rn..r. itqt th ve lop ho no is atip lifted 

by ii forked ir., x : T - in th- inn at i_‘i.rr f ' ; .h. ti'OlUgilittur- 

Phi-i i.nrpxifijd v-itiiq? io then, 

oj lakoti. Via s. p QteElt iorcr-i 1i or of a suitable size vii & lone-pase 

to tJi ■ t-r- opetah switches, and 

t) rectification, ij used for controlling the noise gene re- 

ft :> nof for infiabiieirs. the switching frequency (later, if 
■ -saury, via the :i nring tiir* isuffipunfeiA*; ) « 

To noicss gener ^or feeds thu tv/o noiB^, sv-itebes uhigfi or? 

In t. JT. lie" -jh the i -.o m. ■ nh HwitchuHi 

■ itln the ebje-jr -f moving to the desired frequency bends, 
t he ape ceb : rC queue i e s ar„- udOV s r tc d, in noc Orcsnc ;i b h the asi t jIlC. s 

ir the ring modulator 5 . vd, tb old of the two carrier Frequencies of 
17 id xj'd 27rXl. ayclas. It i,-i not neuxasi '.’y t- lied the noise via 
InOuulL' tors, 3 this frequency bend iz or educed friift the- at’ 1 'ft Up to 

the trecidth of 2500 cycles no^asary for using the H/l-j, 

Per filtering out the do nil -ad rviNJulstion products or Fre- 
quency band;!, sjweoh and uniat BBts Jed via tbo foo- parallel l^itarfl 
ir. :Si ll; 4 ut fchu output 

1 J 1.JA- pzsa un to 1500 syoioa 2) Laiyr-pass up to 2j00 cycles 

3 ) lilgh’^jmsg a? ] 6CO xis s End ovsr Jj.J low-pass up to 1 3 CO cycle a ■ 

Tti-- switches of the, filters 1 ) end 5) or 2) and 4/ try r ■ •• ys siuml- 
t&neously or pissed, 

b,t the output of the filters is un amplifier and after thr.t 
a tli, h-psssj which reliably filters Odt all ths frequencies bo low gOO 
cycle?:. 

The frequency rbiitiine of 4 OC - A?5lX' qycli^ la th?h posse d 
to line vit a f d-he? oarrl 

i'ne control voltage for svitening uvar ia produced from the 
frequencies of 340 and 343 eyole-s passed aver 0 ring modulator end 
flit: red cut th rough n losr-psss* k two -stega acplifier tbst fallcwa 
brings up the najeSEOry switching ptn-»r* 

Of the tigj gen&ratnrsj cite 31-3 cyoli gancrator is c leered, 

by t be ltii xuaftca '■£ the apeaqh in iia fre quenoy, up tc 3W& aye lea. 

The 340 cycle generator remains coJla tan i and is used 03 the carrier 
for the controllint tranw^i salon, ?or this purpose it is siw delated 
^•ith th.H control frequency of J - 6 cycles tapped behind the first 
alTip T j : i e r stii.LT; . The con trul f r-. que Jir,y , tone t her : . r i th t hu sps ech,, i a 
paao&d bo the line via a forked carrier and a band-pass of J00 - 3 ^ 
□/plus filter breadth. 

Of the speech, the noise .-.n-l the inedenin^ oantrol frequency 
i hicb arrivs in the ?JLne f nil ire led vie th v line fork J a-o&rriar 
and the level-ra f ■; ulc t Or t the tn p-.nn.Url band-paoaes ' itb a filter 
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In the two ring module tor a, the respective frequencies* and 
particularly the speech frequency, ere put b.-iok into the original /re- 
qusnqy bend with the aid of the tv o carriers of 1 ?CO Find 27 00 cycles* 

In order that only the two ape e eh frequencies should be audible in the 
receiver, the succeeding switches csre only closed alternately', aynehro- 
.i"asdy with the transmitter r-.nd tvdth tte aid of the control frequency 
transmitted,, when the incoming frequency land contains the appropriate 
apdcch band- 

The speech is then taken Vis an amplifier, end the subse- 
quent band-pass with .3 filter range of £CU - IJOC cyqlas. end via a 
forked carrier to the telephone - 

The control frequency is br-rHk&d nT in parallel with the 
line forked- carrier and taken, via the band -pa a;, with thu filter range 
of 3 QC 1 - 300 cycles to tha control-note forked-carrier and 0 , lavel 
regulator, to an amplifier, if tar dcciodulLtl jn, the control voltage of 
3-6 cycles is teken to the switch* a vie a power amplifier. 

Indivi dud circuit; diagrams ere appended of the circuit 
elements used, trie lading the ij^itch* the noise gengreiar anl the device 
for producing the control frequency. 

l) Tile switch makes use of the property posse seed by CupiO cells, which 
have 0 . resistance dependent upon the direction of the current- /ocord- 
ing to the polarity the o-rxitrol voltage, the cells* which an arranged 
in a longitudinal circuit, either let the current thrcu.-jh or block it* 

Two means are use a to suppress the residual voltage in thu blocked 
condition j 

a) , a hurt- circuit via the primary •rinding of the output currier 
through CtipO cull a conns c tad in the Opposite vray, 

4 

bj j. bridge □ cruise tien consist icy Of a capacity and c ro si stance, 
for taking an equally f.-reat end Oppositely directed VwltfljJU to 
the output transformer. 

2.) The noise generator makes use of the oocurrs-nca of noise in the 
nna.ie circuit by usin^ e uperregenu r at io . i . Ji, high frequency oscillatory 
qircuit ir. the t rinds portion of the double valve 19CH H is> firmly 
OQupla d with a low frequency OBOill&toyy circuit in the be jfOda portion 
by me ana of the connection between the fcriode grid and the heotode grid. 

Ir. side the valve. The Oaaillotion of the low frequency p.-rtion iiss 
f ur a j z-j c t he highs at f requsnoie s presan t and use d in the n oi s a ■ 
further support for the superre generation ia afforded by the indue fence 
of the input transformer of the switch* which ia present in both ano-du 
oircui'a- The closing sJdd opening of the valve is effected by an 
alteration in the grid voltage through Lhs rectified spec dll f reqi ift ncie a , 

3) The double valve ELD tl is ns 2 d to produce the control voltage 
with n frequency of 3 - 6 cycle a required for the circuit. Tbs connec- 
tions of thia double valve can be seen from the- appended Individual 
circuit diegran "Control voltage product ion*. The ti aep&rate 
generators of JlO and 343 “Ja 6 cycles hsVo the familiar j-point 
circuit; .only the dual use of the 340 uyulu generator as the carrier 
frequency for the 3 6 cycles and as the carrier for imnsnitting 

the con t rol f re que.lcy arc shewn In dc tal 1 , t Oga thCr wi t h the inf luenc- 
ing of the frequency of 343 cycles by the displacement of the grid 
working point if the valve. 
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ij-pogah Jvuifie 

Output ♦jS , . s 

200 - 1>30 qycl^H 300 - 2500 ayalza 

I'D t.Vj f.'Htt OUt^LlC fii-tc_’a 

- ft KDdplA-fcufli irit’l 1700 l^cIca 


1500 - A CO 


luOC - (,25^-0) ovules 


. r^f 'iic i ' •> t i " i n »lth I'fQL' - 1 ■■ 

2fOt - 1400 ns 200 - IJOC cQraloo 

Ch U« 

400 - 2%y) cyoV*. piu» th i rAlrU *'rp-. a Lf J40 M - 6 syaiaa- 




